
Table 5. Results obtained by AMINE for the four "unknown" amines. 

Amine (prefix only) 

N-(3-methylbutyl)-1,5-dimethylhexyl 

N-(3-methylbutyl)-Z-ethylhexyl 

N-heptyl-N-(3-methylbutyl)-2-ethylhexyl 

N-pentyl-N-(3,3-dimethylbutyl)- 
3,5,5-trimethylhexyl 

Conditions 
DELTA Tallies 
(ppm) used? 

1.5 no 

Solutions (prefix only) 

N-(3-methylbutyl)-1,5-dimethylhexyl 

1.5 no N-(3-methylbutyl)-2-ethylhexyl 

1.5 yes 

2.25a yes 

Rank 

N-heptyl-N-(3-methylbutyl)-2-ethylhexyl 1 (tied) 

N-pentyl-N-(3-methylbutyl)-2-ethylhexyl ‘1 (tied) 

2-ethyl-1,5,5,7,7-pentamethyl-l- 1 
(2,2-dimethylpropyl)octyl 

N-pentyl-N-(3,3-dimethylbutyl)- 2 (tied) 
3,5,5-trimethylhexyl 

N,N-di(tert-butyl)-2-methyl-2- 2 (tied) 
(2,2-dimethylpropyl)hexyl 

N-tert-butyl-1,1,3-trimethyl-3- 2 (tied) 
(2,2-dimethylpropyl)octyl 

2-ethyl-1,1,5,7,7-pentamethyl-5- 2 (tied) 
(2,2-dimethylpropyl)octyl 

a) With DELTA = 1.5 ppm, no structrures were found for this amine. 



Figure 1 

Figure 2 

Figure captions 

A schematic illustration of R, the alkyl chain-end to be 
tested by the PRUNER. The group X contains the Nitrogen 
atom, along with any carbons and hydrogens not included in R. 

The hierarchy of pre-tests used by the PRUNER. A "?" 
attached to an atom indicates that the neighbors of that- atom 
are unknown at testing time. 

Figure 3. A case in which r and o do not match when n = NC, even 
though the simple test-is passed. 

Figure 4. Sample output from program AMINE (PDP-10 version). The 
solution structure is written in polish-prefix notation as 
described in Reference 3a. 
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CASE TITLE: N-ETYLYDIPENTYLAMINE 
THE AMINE HAS 12 CARBONS 
GOODNESS-OF-FIT CRITERION IS 1.500 
STANDARD IS TMS 
INPUT SHIFTS: 54.00 27.80 30.10 23.00 14.30 47.80 

SOLUTION STRUCTURES: 

N . ..c.c.c.c.cc.c.c.c.cc.c 
SHIFTS: 54.299 27.881 30.239 22.960 14.210 54.299 

27,881 30,239 22.960 14.210 47.667 12.868 
DELMIN = 0.37 

CASE FINISHED, PROCESSING TIME (IN SEC.) WAS 9.711 



SIGNIFICANCE 



SIGMIFXCANCE 

Because of thtl interdisciplinary character of this research, 
it has a significant impact in medicine, organic chemistry, and 
computer science. GC/Hs has become one of the most powerful 
techniques available to the organic and biochemist. The potential 
applications of these techniques in medical research and in the 
clinic have just begun to be explored. These techniques are of 
unique importance to aedical science since they alone of the 
current physical methods have sufficient sensitivity dnd 
analytical precision to study humcln biochemistry at the moleculclr 
level. Computer automation of these techniques, both dt the 
instrumentation and interpretive levels, would permit the rapid, 
exhaustive analysis of body fluids across large population:_; of 
individuals in various medical contexts and may provide neu 
discoveries important to public health. 

In our study of errors of metabolism, accurate diagnosis or 
the accumulated metabolite provides insight into the biochemical 
pathogenesis and into therapeutic dpproaChoS to the control of 
such errors. In the case of inherited errors, accurate diallnosi:; 
allows reference to published ddtd on the mode of inheritance 
and, thus, expresses the recurrence risk for genetic counseling 
purposes. The GC/HS system, with its potential for identification 
of any oetdbolites, provides the diagnostic accuracy neces:;dfy 
tar a clinical program. K/MS also provides the methodology kor 
detecting previously unrecognized metabolic errors. 

From the point of view of computer science, mass 
spectromctry is an advantageous environment in which to 
investigate tho concepts necessary for the emulation of 
lower-level cognitive dnll manipulative functions ds well as for 
the study of various forms of knowledge representation and 
automatic theory formation. These concepts will be common in SOIDC! 
form to all aintelliyent1q systems aAd must be more fully 
developed from their present primitive state. Aass spectrometry 
is ideal as a milieu for this research in that it has tremendous 
practical importance to medicine, is sufficiently complex to 
challenge the human intellect, dnd is structured to an extent 
amenable to computer program formulation within the current 
state-of-the-art. 



COLLABORATIVE ARRANGEMENTS 



COLLAPOHATLVd ARRANGHIiHNTS 

'T h is project is nn Lnterdiscrplinary r-esedrch effort 
involving day-to-day collaboration between Professor J. Ledcrbezg 
(Department of Genetics), ProfF?ssor C. D jerdSSi (Department of 
Chemistry), Professor E, Feigenbaum (Department ot Computer 
Science), Professor H. Cann (Dayartment of Pediatrics), Dr. b. 
Buchanan (Computer Science), Dr. A. Duffield (Genetics), Dr. 0. 
Smith (Chemistry), Dr. N. Sridhdrdn (Computer Science), Dr. 5. 
Hammerum (Chemistry), and the Instrumentation Research Laboratory 
of the Department of Genetics. iJe are also soliciting additional 
participation of clinical research interests of the Departments 
of Medicine and Psychicltry as well as other members of the 
Department ot Genetics (Professors Cavalli-Sforza and 
Herzenberg). The proximity of these people and facilities in a 
medical environment offers a highly unique opportunity for 
collaborative interaction. 



FACILITIES AVAILABLE 



FACILI’I’TES AVATLABLti 

We will derive? 01~t contputiorj resource:; from existing 
PUP- 1 l/L(i n:ini.-cornrlutet z;v:;t2a.; wlfic:h lnt-er f-ace tht? III~:I~ 
spectr31Pt:trAr instrunrerrls 41, vi?1 1 d:; tram the ACmE tallow-on 
179/l!it~ coaputer at- L;tclniord t:)r uata reduction end graphic;s 

support. Ac.titicidl intelliqenze i;rogrdW dcvelo[;ment will be 
c:arrieci nuk on the StantorJ Co~nputa tion Center IdM -1GU/67 anJ. 
UI a c h i II e s nvailnble over thu ARPA computer Il(,twork. tiC/r~s cl<lta 
will t;a interfaced to these prnqrams throucjh standard 
communicdtian link:;. 



HUMAN SUBJECTS 



HUMAN SUBJECTS 

As a part of this research project, CC/MS analysis 
techniques will he applied to human body fluids in collaboration 
with clinical investigators and hlood and urine specimens will he 
collected from human subjects. Collection of VOIDFD URINE 
SPECIMENS presents no risk to the patient. Collection of S-113 ml 
of blood by venepuncture is a procedure attended by minimal risk; 
infection is a remote possibility, especially from deep 
venepuncture (e.g. femoral tap). However, superficial veins are 
usually used in children, and even infants. It is only the 
occasional infant that requires a femoral tap and this procedure 
would be deferred for this project unless the specimen was 
essential for diagnosis. 



BUDGETS AND JUSTIFICATION 



In the following budget estimates, the abbreviations 
listed below are used to denote departmental affiliation or 
professional specialty: 

G- Genetics 

cs - Computer Science 

Ch - Chemistry 

E - Electrical Engineering 
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EQUIPMENT 
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BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED FROM PUBLIC HEALTH SERVICE 
DIRECT COSTS ONLY (Omit Cents) 

DESCRIPTION 
1ST PERIOD 

GAME AS DC. 
TAILED BUOCET) 

PERSONNEL 
COSTS 139,830 

CONSULTANT COSTS 
Ilnclude fees, travel, etc.) 

I 

SECTION II -PRIVILEGED COMMUNICATION Part B i) and ii) 

EQUIPMENT I 3,000 

SUPPLIES 20,400 

TRAVEL 

PATIENT COSTS 

OTHER EXPENSES 70,800 

TOTAL DIRECT COSTS 237,530 

\DDITIONAL YEARS SUPPORT REQUESTED (Thisapplication only) 

;ND YEAR 3RD YEAR 4TH YEAR 5TH YEAR 6TH YEAR 7TH YEAR 
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TOTAL 
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sigenbaum, Edward A. (l)CS i!CYiR,"?fbgi Invest. 10  
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ridharan, Natesa CS Research Associate 50 
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SECTION II - PAlVll Ft7Fl-1 
Part C 

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED FROM PUBLIC HEALTH SERVICE 
DIRECT COSTS ONLY (Omit Cents) 

DESCRIPTION 

PERSONNEL 
COSTS 

CONSULTANT COSTS 
ilnclude fees, travel, etc.) 

IST PF1310,~ ADDITIONAL YEARS SUPPORT REQUESTED (Thisapplication only) 
,SAh!k AL L,k - 

TAIILnNI~IN;F1I ZND YEAR 3RD YEAR 4Tl-l YEAR 5TH YEAR GTH YEAR 7TH YEAR 
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page if needed.) 

See attached budget justification notes. 
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